There is a growing need worldwide to take medical care to distant locations far from the main urban centers, particularly to rural areas. Furthermore, there is the ethical imperative to provide equal access to medical care to all patients, regardless of their place of residence, so as to satisfy an increasingly demanding population. A widespread problem, from which cardiology is not excepted, is the insufficient number of specialists and their uneven distribution. The upsurge in information and communications technology has made available a large collection of tools, mainly computers, smartphones, e-mail, and the Internet, to name just a few, to meet the needs of communication between individuals and organizations. This article defines telemedicine and describes its application in the practice of cardiology and its impact in Chile.
Introduction
The objective of telemedicine (TM) is to provide medical assistance in remote locations in the fields of diagnosis, treatment, prevention, and rehabilitation, performed by qualified professionals.
TM makes use of information and communications technology (ICT) to provide medical care, including surgical procedures, regardless of the location of the patients [1, 2] .
Telehealth may be defined as the use of ICT to support distant medical care (teleconsultation, teleimaging, telepathology, teledermatology, telecardiology, etc.). Synonymous terms such as "e-health" and "virtual medicine" are also used.
There are two principal ways to offer TM services, namely:
1. Real time; for example, videoconferences and telerobotic systems with transmission in real time between health providers and patients (consultations and procedures), and between the same health providers and specialists (second opinion and discussions of cases), or distance monitoring of patients and transmission to a health provider with use of electronic tools. It requires a large bandwidth and it is more expensive. 2. Store and forward: transmission of prerecorded videos of digital images (teleimaging, telepathology, teledermatology, teleelectrocardiography, etc.) between patients and primary care physicians and specialists.
Store and forward is typically used by specialty practices in fields such as radiology, ophthalmology, and dermatology. These fields rely on documented information and images rather than on physical examination of the patient. In contrast, real-time technology is very effective for practitioners who need to see a large number of patients, make frequent follow-up visits, or provide immediate advice to patients.
To sum up, we are already in the era of making use of technology to improve population health. This is a process of transformation of the practice of medicine through ICT.
TM supports rural facilities in the training and retaining of clinicians because it allows on-thejob experience and remote participation in grand rounds. It would be desirable to include TM in the daily work of providers, define a correct strategy to apply it, and establish a formal organization dedicated to the project.
A 28% annual growth of TM visits among rural Medicare beneficiaries has recently been reported [3] . In developing countries, rather than build and staff a large number of sophisticated facilities, TM allows basic clinics to consult and share the expertise of a medical specialist located anywhere in the world [4] . Cost-effectiveness and patient satisfaction have been demonstrated [2] , and the American College of Physicians has recently made recommendations to guide the use of TM in primary care settings [5] .
Telecardiology
In the field of cardiology, TM is playing a very important role [6] . For instance, TM has proved to be effective in improved control of risk factors in the general population [7, 8] . Among other applications of TM in cardiology, diagnosis and/or control of hypertension, cardiac failure, arrhythmias, and ST-elevation myocardial infarction (STEMI) are important examples.
It has been shown that self-control, when combined with telemonitoring of blood pressure, is a significant improvement in hypertension control at the primary care level. Telemonitoring of hypertension may produce reliable data and it is well accepted by patients [9] [10] [11] .
In congestive heart failure, TM is associated with lower rates of hospitalization, although it is not clear if there is an impact on prognosis [12] [13] [14] [15] [16] . It has also been shown that remote monitoring of implantable devices contributes to earlier detection of relevant clinical events, which may, in turn, result in timely medical interventions [17] .
In the management of acute coronary syndromes, TM has proved to be very useful [18] , particularly in the prehospital management of acute STEMI [19] .
Electrocardiogram (ECG) is the gold standard for the diagnosis of STEMI and it is the key tool in the systems of treatment. With proper identification of STEMI, it is possible to significantly shorten previous stages and to transfer the patient directly to the catheterization laboratory for primary angioplasty, or thrombolysis can be performed at the place of first medical contact.
Multiple studies have demonstrated that the performance of a prehospital ECG decreases door-toreperfusion and door-to-balloon times significantly. A time of 90 min or less can be achieved in 86% of cases of STEMI when a prehospital ECG is performed [20] .
In American as well as in European guidelines, performance of a prehospital ECG is a class 1 recommendation in patients with symptoms of STEMI [21, 22] . In this scenario, the accurate identification of a suspected STEMI with a proper ECG diagnosis is extremely important. TM has allowed the implementation of a system that allows the performance of a high-quality 12-lead ECG at the place of first medical contact and to relay the ECG via wireless broadcast to a center where a specialist will perform the correct diagnosis.
A meta-analysis revealed a 35% decrease in hospital mortality with the use of TM in cases of STEMI compared with a control group [23] . It has been shown how TM helps to install a network of prompt diagnosis and treatment of STEMI [24] .
Experience in Chile
In Chile, cardiovascular diseases constitute the main cause of death among the population, with a mortality rate of 29% for cardiovascular episodes. Within this mortality rate, coronary heart disease accounts for 31% of deaths and cerebrovascular disease accounts for 32% of deaths. For coronary heart disease, the main cause of death is myocardial infarction. TM has made an important contribution toward the solution of this problem mainly in the field of cardiac emergencies. A system of TM as described earlier requires (1) physicians who are experts in ECG diagnosis, (2) communication, and (3) ICT.
Our service has specialists on a 24/7 schedule, and each month processes reports of more than 50,000 ECGs sent from all over the country, including Easter Island. Chile has a good telecommunications system, and our platform allows the fast generation of reports, which are sent via the Internet back to the place of first medical contact, and other places if required. The achievement of more than 50,000 ECGs a month is possible thanks to the use of a software package developed by our engineers, called Integrated Platform of Telemedicine (IPT). A 12-lead ECG is performed at the place of first medical contact with a very small device [24] that is able to transmit the ECG as an analog/digital signal by phone, cell phone, or the Internet to a call center staffed by paramedics and specialists on a 24/7 basis. Technical service is provided by a private company, International Telemedical Systems (Figure 1) .
ECGs are received in a computer by trained paramedics. If the tracings are technically correct, after all the clinical and demographic data (from a predesigned list) have been recorded, they are directed to the specialist's computer. This stage takes only a few minutes. All reports are stored in a central database, which allows the immediate comparison of the actual tracing with previous ones of the same patient or access to the tracings at any time.
Paramedics are trained to recognize a possible subepicardial lesion and other cardiac emergencies such as bradyarrhythmia or tachyarrhythmia. In these cases the paramedic alerts physicians to give priority to the reports or to the request of the physician in charge. The physician clicks on one of the ECGs according to its priority, and to make the report has three screens. On the central screen the present 12-lead ECG may be seen, with the clinical data as recorded by the paramedic. On this screen the system displays the 12-lead ECG and a 6 seconds duration D2 lead, with electronic signals at the beginning of the P and QRS waves and at the end of the QRS and T waves, calculating automatically heart rate, PQ and QT intervals, and QRS duration. It also displays a signal for ST-segment position (Figure 2) .
The physician may change the D2 lead by clicking on any of the 11 other leads and may change the position of the electronic signals if they are not properly situated. The central screen also displays three columns: The first column contains a list of the 14 main categories of ECG diagnosis; for example, arrhythmias, bundle branch blocks, atrioventricular blocks, enlargements of cavities, and pacemaker rhythm. If the physician clicks on one of these main diagnoses, a number of other possibilities are displayed. For instance, there are 52 possibilities for arrhythmias (second column). When the physician selects from this list, these possibilities are automatically transferred to a third column, and these diagnoses are sent to the database for future review. Physicians may also add a comment or suggest a new assessment, sentences that are also listed in the first column.
The other two screens are a magnified display, one of the last ECG of the patient, and the other of the present one for comparison purposes. The system allows the review of all previous tracings of the patient and to compare, lead by lead, the present tracing with the previous one or any of the other ECGs.
In other words, physicians do not need to write reports in much detail, which makes the reporting a very quick procedure that takes only a few minutes. This is particularly important for ECGs with ST-T segment elevation suggesting a subepicardial lesion as recognized by the paramedics in their computers. These tracings have absolute priority and the report must be sent to the place of first medical contact within 10 min. In this case or in any other cardiac emergency, the physician making the report may contact the physician in charge to give advice. It is also important to emphasize that all the tracings are audited by a specialist assigned for that purpose almost immediately during the daytime, and the first thing in the morning for those tracings received overnight.
We strongly believe that this system of TM with specialists making the ECG report on a 24/7 basis is better than relying on ECG diagnosis by trained paramedics or nonspecialist physicians.
If the paramedic recognizes an ST-segment elevation, this ECG has absolute priority and should be immediately interpreted by the cardiologist. This can be done in less than 10 min, and the result is sent not only to the place of first medical contact but also simultaneously to the referral hospital as defined by the Ministry of Health. In these cases, there is also a direct interaction of the cardiologist on duty with the physician in charge of the patient.
Among other important political decisions in Chile, there is a law called Garantías Explícitas de Salud (GES; Explicit Health Guarantees) [25] . According to this law, the health care system has the obligation to take care of 80 diseases in a predetermined period. If an acute coronary event is suspected, an ECG should be performed in the first 15 min at the place of first medical contact, and diagnosis of STEMI should be confirmed by the TM system specialist.
Since May 1, 2004 , the Ministry of Health has implemented national coverage of ECG TM for the purpose of diagnostic interpretation and the possibility of performing thrombolysis even in rural areas. The impact of the GES law has been very significant. Mortality due to STEMI decreased from 12% in the era before the GES law to 8.6% (odds ratio 0.64), adjusted for many other variables. This reduction in mortality was more important in higher-risk patients [26] .
From our database of ECGs received, we have analyzed the incidence of STEMI in Chile from 523,371 ECGs [27] . Greater incidence of STEMI in men (69.2%) and its presentation in older age in women were found. STEMIs were more frequent between April and June (i.e., in autumn) and between 9 a.m. and 1 p.m. We have also studied the prevalence of Brugada patterns [28] throughout the country from 122,000 tracings, including those of children. Type 1 Brugada pattern was present in 4.6 in 10,000 tracings, which is similar to figures found in other countries of the Western hemisphere. The frequency of long corrected QT (QTc) interval in different ECG patterns was studied in 13,600 tracings [29] . The most important findings were a long QTc interval in 16% of ECGs that were otherwise normal and in 8% of patients with left ventricular enlargement. We had the opportunity to evaluate the impact of a major earthquake in Chile on a weekend in February 2010 on the incidence of STEMI at the precise moment the earthquake was happening [30] . We analyzed 280,592 ECGs from all over the country recorded on weekends in a period of 12 months between 2009 and 2010. There was a statistically significant increase in the incidence of subepicardial lesions during the earthquake compared with any other weekend, being more frequent in women (75%), the reverse of the general finding described above.
TM also allows ambulatory blood pressure monitoring and ECG 24-h monitoring recordings, with a time delay of less than 24 h for the report. Besides cardiology, our system also has applications in spirometry and imaging, which as for cardiology TM, are very important for support of primary care in Chile.
What has been mainly recognized by the users of the system is the fast interpretation of the data, the possibility of sending an ECG from any part of the country, and the ease with which the equipment can be moved and managed. Other advantages are its permanent availability, a prompt second opinion from a cardiologist, avoiding unnecessary transfer of patients who do not need it, and the cost-effectiveness of the system. TM is an important support for public health, particularly primary care because of its extensive coverage and low cost.
To sum up, TM is a system that gives patients equal access to care and allows primary care physicians to solve problems whose solutions would otherwise be delayed. It is also a support for the specialist, who may count on rapid diagnostic support as in the case of an acute coronary event.
